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ABSTRACT 



Extrapolation techniques including the geostrophic and gradient 
thermal wind, average wind shear from United States ’.leather Bureau 
maximum-wind analyses, and persistence were statistically compared 
for January i 960 over the u nited States. Calculations were made for 
layers contained between 200 mb and 1^0,000 or [£,000 feet, the thick- 
nesses averaging 2100 or 6£00 feet, respectively. Graphic results are 
presented for both speed and direction errors for each type of extrapol- 
ation. 

It is shown that low wind speed, cross-isobar flow, and large 
curvature are associated with significant extrapolation errors. 

The author is grateful for the patience and expert counsel of 
Professor it. J. Eenard of the United States Naval Postgraduate School, 
Monterey, California. 
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TABLE Ob SYKBOLS AND ABBREVIATION: 





Bar inlicates average of value for layer 
Underline indicates vector 


Vk 


Actual wind at level k 


A v 


Actual wind change through layer 


Vgs 


Geostrophic wind 


A vgs 


Geostrophic thermal wind 


Vg 


Scaler magnitude of V K -t • A V$s 


Vgr 


Gradient wind 


A Vgr 


Gradient thermal wind 


Vr 


Scaler magnitude of \4 4 


A Vs 


Change in wind s~»ced through a , > »uii • rom 

shear chart ( herein designated as “shear t i.; ; 


V c 


General tern for resultant extrapolated wind, 
however computed 


v t 


A fictitious wind obtained by applying a geostrophic 
wind scale (A z interval 200 feet) to isotherms 
at 5°C interval 


T 


Temperature 


Tv 


Virtual temperature 


P 


Pressure 


z 


Altitude above sea level 


c 


Speed of movement of a pressure system 


d 


Distance over which horizontal temperature gradient 
is measured 




Angle between and Vgs (plus for cross contour 

flow toward lovT”pressure) 




Angle between Vk and £ 


f 


Coriolis parameter 



v 



Stream! in 



. Ui vat ure 



Trajectory curvature 
Gravity 

Gas constant for dry air 

Unit vectors for horizontal spherical flow 
Level of maximum wind 
Specific volume of air 

Horizontal pressure gradient in the direction of 
flow (£) 

Total horizontal pressure gradient 



Tangential acceleration 



1, Introduction 



The progress of jet aircraft to higher and higher operat- 
ing altitudes has created a demand for more precise upper- 
atmosphere information. At present, there is a particular 
need for an accurate description of the wind field in and 
about the tropopause. The meteorological parameters of most 
concern to aircraft operating at these high altitudes are the 
enroute winds and clear air turbulence. The former is normally 
obtained from soundings or other types of direct wind (or 
pressure) observations. 

Actual upper level wind reports are frequently missing 
for such areas as oceans, unpopulated continental sectors, or 
enemy held territory in wartime. This deficiency may be 
corrected by vertical extrapolation of wind from a level of 
known data by employing various aids such as the horizontal 
temperature field, empirical values of the wind shear, or 
layer of maximum wind analyses, to rr:me a few Although each 
of these parameters have been studied individually by others, 
no comprehensive comparison of vertical extrapolations of the 
horizontal wind at high altitudes has been published. 

This shortcoming prompted a comparative analysis of the 
following vertical extrapolation techniques in the vicinity 
of the tropopause: geostrophic thermal wind, gradient thermal 

wind, average vertical shear of the actual wind, and persistence. 
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Previous extrapola^ ion studies 



Various methods are presently employed to determine the 
horizontal wind field above the highest reported wind. The 
simplest extrapolation procedure considers the wind vector to 
remain constant with height. This is the best technique to 
use for short vertical distances (500 feet) or in areas where 
little change in the wind vector with height is indicated. 
Determination of the latter areas is dependent upon an 
accurate subjective analysis of the wind field below the 
desired level, on the dynamics of the wind field as associated 
with the temperature field and the location of the jet axis. 

The condition of ^ V /^V£ - O is least likely to be met 
a few thousand feet above and below the tropopause and level 
of maximum wind. 

The geostrophic thermal wind is often used for extra” 
polation thrpugh layers in which the wind field is changing 
rapidly. This method requires the determination of the mean 
horizontal temperature field for the layer. Lacking a mean 
temperature field, the isotherms at some level within the layer 
are often substituted for that of the former. 

A few synoptic studies of the geostrophic thermal wind 
have been made. In a recent survey by Cunningham £ 2 J accurate 
wind and temperature data were obtained from a specially 
instrumented B-29 flying at 280 and 383 mb over the United 
States on tracks perpendicular to the jet stream. Percent 
departures of the geostrophic and gradient thermal wind 
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exti^polat ions from O.e observed shear decrease c.qv>r 
tiallv with increasing distance (d) over which the horizontal 
temperature gradient was measured. Results were only slightLy 
better for the gradient computations. Cunningham considered the 
lack of a large difference between the two methods due to the 
small isobar curvatures in the sample (maximum curvature 
approximately 1/1000 nautical miles). 

To illustrate the advantage of using a mean wind, 

Cunningham averaged the wind over d before vectorial ly adding 
the geostrophic thermal wind to obtain the upper level wind. 

The departure of this wind from the actual wind varied inversely 
with d, and decreased from 11 percent at 33 miles to 2.7 
percent at 181 miles. Even better results (two percent improve- 
ment) were achieved when using a mean verification wind as 
averaged over d, rather than a spot wind. 

In order to understand the wind distribution about the 
jet core and perhaps to subjectively adjust vertical wind shear 
extrapolations, a knowledge of the jet stream is essential. 
Several empirical investigations of vertical shear in the 
vicinity of the jet stream have been recently published. 

Endlich Q 3 J has developed a model cross section through the 
jet stream for use as an aid to forecasters in filling in areas 
of missing data. It provides an average wind distribution in 
a plane perpendicular to the jet in terms of percent of the 
speed at the jet core. 



3 



In a report on the layer of maximum wind, Reiter 
indicates that, among other things, there is a lack of systema- 
tic dependence of the vertical decay of the wind on the 
magnitude of the maximum wind, However, he does show percent 
vertical decay as a function of the horizontal distance from 
the jet core, A later United States Navy AROWA study ( 10 
obtained jet stream vertical shears that showed an increase 
with jet core speed. The magnitude of vertical shears above 
the core were indicated to be as much as 30 percent greater 
than those below. However, a United States Air Force study 
[9j of winds over 100 knots indicates the maximum vertical 
shears to lie below the maximum wind level, 

A particularly useful description of the jet streams over 
the Pacific Ocean is provided by Serebreny [8^ who presents 
numerous rules of thumb from statistical studies of these 
jets, A more comprehensive theoretical presentation of jet 
stream information is provided by Riehl et al [7 
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3. Theoi .. tical ocvClo^ynC 

The equaLiun of horizontal motion in natural coordinates can 



be written as 5 J 



i )v - - x ’i 



(') 



This becomes the gradient wind equation for V = 0, and as a 
special case, the geostrophic wind equation when, additionally, 
K h = 0. 

In a manner similar to the development by Forsythe f4 l , 
equation (1) is differentiated with respect to p to obtain 



- iiir) + ( v K‘. , -«• \) ^ +• y fcv hi,) . _ ^ ( * v P * x i<) 

$ D r) f \ ' 2 ' 

I ! ‘ d P 






Interchanging the 7p and operators, equation (2) becomes 

Z>i 

- + ( V \% -t i ) «>_¥ + v /p j . .. . y, jj *k / j) 

p 01 p ' 3 i _ci 

Substituting the hydrostatic equation ( ,j y - — j <7 V-) in 
equation (3) and dividing by 

i • - ~ + 0 ^ - - Y - X V - X k (4) 



Taking the logarithm of the equation of state ( p r< - !\ d * ! v ) 



In p 



-r | n 



In 1/ t” K,, 



Applying the operator to equation (5) yields 



£ Vf 



^ t F, T. 



(>J 



(6) 
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.>1.1 Lit l 1 ^ Uc» t 1 Ol . 



dti Loll ^ -f ) ci 



~ 3 (Vr 0 + (VI ,.ti)V/ 

J £• e? *■ 




--V- V 

Tv f 



T, A h 



(?) 



The tangential acceleration, V, in the first term of (7) is 
equal to the component of the pressure force in the direction 
of the wind and is the most difficult to evaluate. The first 
term may be expanded by setting 



\? = - s - L - - > ri a «*• . 

l • 

wie.c J is the angle between the geostrophic ana actual 
wind directions. Thus equation (7) becomes 




^ 2 l =, - 

^ ^ IT' 






f Hi 



K 

J 



T - f V (c^,) U M 

t J N cP * 




dicu. large accelerations exist, equals 20 to 30 degrees 

ant. — - it frequently three degrees per thousand feet am 

J * 

occasionally as nigh as nine degrees per thousand feet . 



Studios ly i.iehl 7 j have found ^3 to be greater than ten 

f.egrees :>0 percent of the time and greater than 20 degrees 

only 2b percent of the time in the vicinity of the Jet otrearnj 

so that ...e termination of >4 (much less £d? ) from routine 

/ O* 

contour analysis is questionable. However, when values of 
definitely greater than zero appeared, they were tabulated as 
aii indication of large V. 
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I*i inis ^ t udy , 2 Of iai ua^ been selected as the known level. 
Little moisture exists at this height and the temperature averages 
approximately -55°C (218°K) over the United States for the period 
selectee for study. The temperature field is assumed invariant 
from 200 mb to the extrapolated level with l v — Vp T 

(temperature measured at 200 mb). With the further assumption 
that and V are identically zero, equation (7) becomes the 
geos trophic thermal wind equation 

Txk ho) 

^ ?T 1 

expressed in its scalar working form as 




i 000 v a? 

T *• / ooo 



.11 v L 



Ai 

/ ooo 




where V t is obtained^ by applying a geos trophic wind scale for a 
contour interval of 200 feet, to isotherms at a 5°C interval. 
The gradient thermal wind equation is determined from 

equation (7) by setting V equal to zero and using the above 

n \/ 

definition of the vector — l — # The equation is shown 

P ^ 

here in a finite difference form as a change through a layer 
z, where is assumed constant. 

(A) (t) . . (C) 

-f f 
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Equation (12) is expressed in this form for ease in handling 
the term containing the geostrophic thermal wind vector. Figures 
1 and 2 illustrate schematic wind extrapolations using equations 
(10) and (12), respectively. 

The horizontal trajectory curvature, Kh, is obtained from 
B la ton 1 s equation 
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Figure 1. Schematic Geostrophic Thermal Wind Vector Diagram 




Figure 2. Schematic Gradient Thermal Wind Vector Diagram 



4. Co npu Cation procedures 

All data weie obtained from 1200b January I960 United States 
leather Bureau facsimile charts and concurrent upper wind reports, 
20C • ab was selected as the level of known aata because, averaging 
39,000 feet for this data sample, it was considered to be suf- 
ficiently close to both the level of maximum wind and the present 
jet aircraft maximum operating altitude. At each station extra- 
polations of winds to 40,000 and 45,000 feet were compared to 
reported winds at those levels. United States Weather Bureau 
tropopause-height and maximum-wind analyses for this period were 
also utilized. 

a. Thermal wmd extrapolations 

Stations were chosen where a well defined thermal gradient 
existed from which the wind factor, V ^ , could be measured with a 
geostrophic wind scale as described in section 3. Vp is inulti- 

4 

plied by Al Az per thousand feet to obtain (A) in equation (12) 
and Figure 1. Vp is the vector wind at 200 mb. The wind at 
the upper level (V^p) is obtained by the vector (graphical) 
addition of A Vgs to Vp. 

For term (B), isobar curvature (K s ) is measured by the use 
of overlay arcs corrected for map scale variation. The 200-mb 
wind (Vp) and associated pressure-system movement (c) are 
determined and entered in equation (13) to yield trajectory 
curvature, Kp , considered constant through the layer. 

The scalar Vgr is approximately equal to V, the act-ual 
mean wind of the layer. As a first estimate of V , an 
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approximate vector mean ot V^ and may be obtained. An improve- 
ment is provided by the vector mean of Vr and V]_. 

Term (A), ^/\Vgs, useu ^ or the first estimate of AVgr. 

The coriolis parameter (f) is taken from published tables jj. j . 
Although (B) is a vector parallel to A v 8 r > ^t may be drawn 
parallel to Vgs as a first approximation. 

In term (C) /\Vgr s initially considered equal to the 
scalar magnitude of /\Vgs . Vector (C) parallels Vgr , approxi- 
mately by V, which may be obtained as previously described or by 
trial and error. 

The resultant AV£ r is reentered in (B) and (C), Vgr is 
recomputed and a second approximation to AVgr calculated. This 
is generally sufficient to produce the desired accuracy in 

A Vgr- 

b. She ^r-- -ini extrapolations 

Over the United States, the facsimile maximum-wind anal- 
yses provide the height and velocity of the maximum wind and 
the vertical wind shear in the layer containing the level of 
maximum wind. (This level is hereafter referred to as the 
LMW). These shears are a subjectively determined average of 
the plotted shears 10,000 feet above and below the LMW, 

The shear obtained from the chart is multiplied by the 
thickness of the extrapolation layer (in thousands of feet). This 
gives /\vs which is added to or subtracted from the wind at the 
known level (200 mb), depending upon whether it is below or 
above the LMW, For extrapolations crossing the LMW, a net /\ Vs 
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is obtained from the difference between _ Vs from 200 mb to 



the LMW and ^ Vs from the LMW to the desired upper level, 
wind direction is considered to remain constant through the 
layer „ 

A shear-— wind computation was made for all stations for 
which a thermal wind computation was made. 



The 
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5. Graphic analysis confutations 

The objective of this study was to statistically consider 
the error distribution of various methods of vertical extra- 
polation of the horizontal wind field and its relation to 
other parameters, and thus determine the most accurate extra- 
polation procedure. A graphic representation was selected as 
best meeting these requirements. 

a. Error discussion 
Error as used herein is defined as: 

(1) the angle between the extrapolated wind direction and 
the actual wind direction (from teletype reports) at a given 
level. A plus error means that the extrapolated wind had 
turned through a greater angle (and in the same direction) than 
the actual wind for the given layer, the bottom of which is at 
200 mb. A minus error represents too little turning (or turning 
in the wrong direction) of the extrapolated wind. Therefore, 
for extrapolations using persistence, all errors are minus. 
However, since the distributions of the thermaKwind^direc tion 
extrapolations are nearly normal, a clearer comparison is 
obtained by distributing the persistence extrapolation errors 
symmetrically about an error of zero, i. e. for any given error, 
half the cases are considered plus, half are taken as minus. 

(2) the difference between the extrapolated wind speed and the 
actual wind speed (from teletype reports) divided by the actual 
wind speed at the level. Thus, the result is expressed in 
percent of the actual wind speed. 
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It c.'iis t be re i that, at times, extreme errors may 
arise solely due to errors in observing and reporting the winds. 
Reiter L 6 has shown how the method of determining upper winds 
can produce the unrealistic oscillations sometimes found in 
vertical wind profiles. He also described how the abbreviated 
teletype codes can remarkably alter the actual upper-level 
sounding curve. His illustrations particularly emphasize the 
desirability of averaging and smoothing to obtain representative 
wind profiles. 

Another error arises when the neglected term, the 
tangential acceleration becomes large. Subject to errors in 
analysis, cross-isobar flow is an indication that this accelera- 
tion is significant. To determine the effect of this term, 
the number of clearly apparent cross-isobar angles greater than 
15 degrees have been recorded in boxes ( O ) on the graphs which 
follow. 

The number of winds under 20 knots have also been recorded 
in circles ( (J) ) on the graphs. At this low wind speed, 
large errors in direction and percent speed result from small 
vector errors. 

b. Data 

Information from 150 soundings were utilized to obtain 
107 layers whose thickness averaged 2100 feet (range from 
900 to 3300 feet) and 149 layers whose thickness averaged 6500 
feet (range from 3300 to 8400 feet). Two thermal wind extra- 
polations and a shear extrapolation were compared with persis- 
tence for each layer, considering direction and speed separately. 
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Of the 150 repot to p 21 showed a near- zero then'll gradient 
at the 200— nh lev l 3 45 had trajectories which were nearly 
straight (curvature less than 1/2500 nautical miles), 22 cases 
were associated with anticyclonic curvature, and 62 with 
cyclonic curvature. 

The following factors were considered for their effect on 
the extrapolation error: 

1. Cross-isobar angle 

*• 

2. Location of the jet maximum in relation to the station 
(horizontal distance and direction) 

3. Tropopause height 

4. Level of maximum wind 

5. l/hether wind speed was increasing or decreasing with 
height 

6. Angle between the thermal wind and actual wind 

7. Magnitude of wind speed 

8. Magnitude and algebraic sign of trajectory curvature 

9. Magnitude of the thermal gradient 

The graphs that follow represent the most significant results 
of the above considerations. 

Figure 3. 

This graph presents frequency of errors in the extra- 
polated angular turning of the wind for layers averaging 2100 
feet* Little deviation from persistence is shown by the geo- 
strophic or gradient thermal wind errors, since 87 percent of 
the geostrophic or gradient thermal wind computations lie witniu 
- 15 degrees of the actual wind. Of the persistence, cases, 
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84 percent' lull within i range* 

The slight skew toward negative an 6 le error liuicates that 
the ct iputations, on the average, underestimate the actual 
angular turning* A further analysis of these winds indicates 
that this slight skewness is due to cases in which the wind 
speed decreases with increasing height. 

Considering only the cases of > 1/2000 nautical miles, 
where Vgs exceeds two knots per thousand feet, does not 

change the substance of the foregoing conclusions. 

As would be expected for extreme angular errors 
(> | 40 degreesj ), there are relatively large percentages of 
low-wind-speed, cross-isobar and large-curvature cases. 

Figure 4 

This figure presents the same type of information displayed 

in Figure 3, but only for extrapolations through layers avercg- 

4 * + 

ing 6300 feet. For - 15 degrees and - 25 degrees errors, 
respectively, the included percentage frequencies are: 63 and 

76 percent for persistence, 70 and 84 percent for geostrophic 
and 73 and 88 percent for gradient thermal wind extrapola- 
tions. The latter represents a significant improvement over 
persistence, although slighly skewed. 
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The severe t skc /i . observed for the geostrophic cise^, 
iii e ttrnst to figuri 3. However, again, this effort i dut to 
the cases of winds which show decrease with increasing height c 
At the extremes of the distribution, low wind speeds account for 
a large portion o’f the error. 

Large curvature is present in most of the cases associated 
with errors greater than 20 degrees. Note that the mode for 
cases of large curvature lies at -10 degrees. Even so, 74 
percent of the geostrophic- and 82 percent of the gradient thermal 
wind cases in this category lie within - 25 degrees error. 

Figure 5 

The distribution of the percent error in the extrapolated 
wind speed from the actual (reported) wind speed is shown here, 
for layers averaging 2100 feet. All four types of computations 
peak together at zero with little skew except possibly the A 

-t- r 

wind cases. Within - 15 percent and - 25 percent, respectively 
lies 06 and 80 percent of the persistence cases, 68 and 85 per- 
cent of the shear cases, 71 and 89 percent of the geostrophic- 
and 75 and 90 percent of the gradient-thermal wind cases. 

Persistence and shear show the maximum large error samples. 
As expected, they are associated with a correspondingly large 
number of cross -isobar and low-wind-speed cases. Cases with 
large curvature are considered on the next two graphs. 

Figure 6 

This figure depicts the error distributions for those 
extrapolations in figure 6 which are associated with winds 
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decreasing .speed with increasing height. The* cur in figures 
5 . n;t 6 are similar, except that persistence occurs only on 
ihe positive error side (because winds are decreasing). 

Figure 6 shows somewhat more irregularity than figure 5 because 
of the smaller sample in the former. Presuming the plus skew 
of the geostrophic thermal wind extrapolation curve is valid, 
it indicates the non -appl icabi lity of the simple geostrophic 
thermal wind for large curvature cases - a not unexpected 
result from theory in view of the high percentages of cyclonic 
cases considered here. 

Figure 7 

Figure 7 depicts the frequency of speed errors for 
cases of winds increasing with increasing height. Here is 
shown a pronounced skew, with a mode at -10 percent, for all 
techniques except persistence. The number of large curvature 
cases is again too small to be of great significance, although 
the curves follow those of figure 5 quite closely. 

The overall skew indicates that none of the extrapola- 
tion techniques increases the wind speed adequate ly through 
the layer, the computations being on the average ten 
percent too low, 

F ij^ure 8 

This picture indicates the extreme variability in the 
accuracy of wind speeds extrapolated through a layer averag- 
ing 6500 feet. Thermal wind computations show major peaks 
at both zero and -20 percent error so that a further error 
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investigation was made necessary (figures 9 and 10). Persistence 

show* a broader curve, peaking at +10 percent and is apparently 
of less significance. Shear computations show a rather irregular 
distribution, with the mean approaching -20 percent error. 

Large curvature cases have a mode at +10 percent with a 
secondary peak at -20 percent error. 

Figure 9 

Considering only the cases of wind which decreases speed 
with increasing height from figure 8, a much clearer mode at 
+ 10 percent error is obtained. These curves inejip^te that the 
computations either underestimate the decrease of wind with 
height or increase the wind on the average, by about ten 
percent • 

The data for the secondary maximum at -20 percent error 
was examined, and in addition to several low-wind-speed and 
cross-isobar cases, there are four that cross the tropopause 
and six that pass through the layer of maximum wind. Some of 
the explanations for the occurrence of this type of error would 
be a secondary maximum above the primary maximum in the actual 
wind profile, an excessive thermal gradient at the level where 
the extrapolation began, or a thermal gradient associated with 
a relative minimum just above the original level. 

The error curves indicate that the best results could be 
obtained by using persistence, if the wind was known to be 
decreasing. A wind at the top of the layer correct within 
+ 20 percent' would be obtained 60 percent of fhe time by sub- 
tracting 15 percent from the wind at the known level. The 



24 



<L /* S 



(^) r cptcy-c 20 Kajoyj | J c 



c n * ( s ' c r a i < .. f teste 
,4 AJ Cr l f > / C n {To A' ! * 1 




— -/"* — i> 

ZS £ £T [S £? X Kl o f < L " ^ f ^ tzt&C & aJ y~ j 

/\ * /\ vL < fxr/ 2 /?^trt^ ^ 

J 



* r PE/CS'S V'V ,0 (w e 



V" ^ /J Urt t~ ^xre ^/'-’• 5 <- * ~' W I X 



/\ V* T/oaJ 



FIGURIa S » J’reouency Distribution o.l ,ind Sneed ^rrorc (:* percent) 
65 >OQ feet overage thickness - all cases 



25 



extrt l eriois ^0 percent) that may arise, are in part attri- 
butable to tic lar 0 c number of cross-isobar and low-v/ind-speed 
cases mere. 

The curve for large curvature cases follows the parent 
curve in figure 8 except for the indication that here the geo- 
strophic thermal wind extrapolations do not decrease the wind 
adequately . 

Figure 10 . 

For the cases of winds increasing with increasing height 
in figure 8, shear extrapolations produce a maximum skew with 
a mode of -30 percent error. Both thermal wind computations 
have modes of zero, with 60 percent of the geostrophic and 66 
percent of the gradient thermal wind computations lying in the 
range -3 - 20 percent. 

Persistence would be better, however, when the wind 
speed is known to be increasing, as 78 percent of the winds 
lie within - 20 percent of a meai of -15 percent. 

Large -curvature cases do not show any clear indications of 
relevant trends. 

Table 1 

The results in figures 5-10 indicate that it is 
important to know whether the winds are increasing or decreas- 
ing through a layer. Table 1 was assembled to predict the 
accuracy with which each extrapolation technique could give 
this information* Except for the shear computation through 
the thicker layer, the correct result can be expected 60 per- 



cent of the time. 
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6. Conclusions 



From this study, it is apparent that more accurate extra- 
polations in the vicinity of 200 mb can be made if the influence 
of various restrictive conditions is also considered,. A 
qualitative estimate of the likelihood of encountering large 
errors is provided by the proportionately large number of 
cross -isobar and low-wind-speed (and possibly, large-curvature) 
cases occurring near the limits of the error distribution 
graphs. In addition, the type of extrapolation produces an 
intrinsic error. Even more important is the determination 
of whether the w ind speed is increasing or decreasing 
with height. 

Considering wind direction alone, for a 2100-foot layer, 
persistence is observed to be as good as either of the thermal 
wind extrapolations. For a 6500-foot layer the gradient 
thermal wind computation is superior, with 73 percent falling 

4" -f* 

within - 15 degrees and 88 percent within - 25 degrees of 
actual turning through the layer. For large curvature cases 
in a 6500-foot layer, both thermal wind computations produce 
a small error that averages five degrees too little turning. 
Where computing time is limited, persistence, for these same 
cases, will produce an error less than 25 degrees 76 percent 
of the time. 

Better results are obtained for vertical extrapolations 
of the speed using thermal wind extrapolations (thermal 

-f* "t" 

gradient accurate to - 15 percent and - 25 percent 75 and 
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JO jA rccnt of tie ti*ui respectively) compareu to persistence or 
.jhCci . m iputa lions lor a 2 100- foot layer. For decreasing wind 
spcee itii height, geostrophic thermal wind computations do not 
decrease the wine sufficiently, whereas for increasing speed 
with height, all computations average ten percent low. 

Extrapolation results for speed are least accurate for a 
6500-foot layer. Generally, best results are obtained for 
shear computations with the speed error in the range -10 - 25 
percent, 70 percent of the time. For decreasing wind speed 
with increasing height, all curves peak near plus ten percent 
error with a secondary mode near -20 percent. Consequently, 
persistence minus 1 j percent- is correct within - 20 percent 
of the true wind, 60 percent of the time. Even so, errors 
greater than 50 percent occur 20 percent of the time. Consider- 
ing only increasing winds with height, thermal wind computa- 
tions peak at zero. Again, persistence plus 15 percent yields 

4 - 

78 pciceat of the cases within - 20 percent. 

All ther ,al wind extrapolations predict the correct 
direction of shear(plus or minus) in the vicinity of 200 mb 
60 percent of time as compared to 50 percent for shear^wind 
computations . 

Other approaches that are recommended for further study, 
to obtain more accurate wind extrapolations^ are listed below. 

(1) Instead of considering speed and direction separately, 
consider the magnitude (and perhaps direction) of the vector 
error (especially for low wind speeds). 

? 1 



FVr uiii .i co., , (. i . cm jc l u l 

.i<-, t tier al wi *u ex cruj j lat ior iuri* x^. c i? 

> cur.attirc cases. 

v 3) w ie cross - isobar cases separately. 

i -* ) *.te mine a more accurate method of predicting whet nor 

e wind is increasing or decreasing with increasing height. 
{ ) Separately determine the shear above and below the LMW 
• u’ ;e oi extrapolation studies. 
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